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FIG. 3A
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SWITCH

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority to Japanese
Patent Application No. 2012-116248, filed on May 22, 2012
of which full contents are added by herein.

BACKGROUND OF THE INVENTION

This invention relates to a switch which is required to meet
specifications having high contact reliability, such as a switch
which is built in a controller button of a game machine.

In convention, as a switch of a type whose contacts are
brought into a conductive state by pressing a plunger, for
example, various switches have been developed for obtaining
sufficient contact pressure at the contacts, and excellent feel-
ing of press operation of the plunger.

For example, one of them is disclosed in Japanese Utility
Model Publication No. 4-22500 as a “miniature switch”.

The “miniature switch” of Japanese Utility Model Publi-
cation No. 4-22500 is constituted by a housing which is
configured by a switch base, and a switch cover fitted into the
switch base, a plunger which slides upward and downward
with respect to the housing, and a spring which is mounted
between the housing and the plunger.

Further, as a spring, the above-mentioned “miniature
switch” uses a special spring which is configured by a small
diameter coil portion, and a conical large diameter coil por-
tion which is formed with a lager diameter than that of the
small diameter coil portion, the small diameter coil portion
and the large diameter coil portion being disposed in series. In
the constitution, the large diameter coil portion is a movable
contact, and a fixed contact portion is formed at a point of the
housing which is opposite to the large diameter coil portion so
as to move closer to and apart from the same.

Japanese Utility Model Publication No. 4-22500 describes
the following advantageous effect that, as mentioned above,
by providing the large diameter coil portion to the spring,
when being compressed, overlapping of the wires each other
can be prevented so that a long stroke in the compression
direction can be ensured.

However, in the case of the constitution, like the “miniature
switch” of Japanese Utility Model Publication No. 4-22500,
in which the large diameter coil portion and the small diam-
eter coil portion are disposed in series, when the plunger is
pressed, a desired elastic property cannot be obtained with
respect to the spring for bias in the return direction.

For details, generally, when an operator presses the plunger
of'the switch, just after pressing, the operator receives elastic
force from the spring as press load from the plunger so that the
operator can recognize his’her pressing of the plunger as
perception, thereby obtaining feeling of press operation.

However, in the case of the spring which is provided to the
“miniature switch” of Japanese Utility Model Publication
No. 4-22500, the large diameter coil portion is more easily
deformed elastically, in comparison to the small diameter coil
portion. Therefore, when being pressed by a slide of the
plunger, first, the large diameter coil portion having a lower
elastic modulus, in comparison to the small diameter coil
portion, is elastically deformed unduly so that the build-up of
elastic force by the press becomes slow.

As aresult, even when the operator presses the plunger, the
operator does not receive a moderate load from the plunger by
the press, and the plunger is pressed down. Therefore, there
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are some problems that it is difficult for the operator, like
perceiving the press, and the feeling of press operation is
deteriorated.

On the other hand, Japanese Utility Model Laid-Open Pub-
lication No. 6-15232 proposes a “push button switch”.

The “push button switch” of Japanese Utility Model Laid-
Open Publication No. 6-15232 includes a push button which
can be pushed downward, a pair of terminals which are
brought into a conductive state by contact of a contact spring,
and two kinds of springs, i.e., a return spring and a contact
spring.

The contact spring is disposed outside (on the upper side
of) the push button, and is held under a compressed state by a
spring holding portion which is disposed at a lower portion of
the push button. The spring holding portion is biased in the
press down direction with weak force by the return spring,
and from the time point when the spring holding portion is
pressed down lower than the pair of terminals, the return
spring makes contact with the pair of terminals so as to bring
the pair of terminals into a conductive state therebetween.

The above-mentioned “push button switch” of Japanese
Utility Model Laid-Open Publication No. 6-15232 is pro-
vided with two kinds of springs, i.e., the return spring and the
contact spring which are separately disposed, so that the
return spring having a moderate elastic property is elastically
deformed just after the operator presses the push button.
Therefore, it is expected to produce an advantageous effect
that the operator can perceive moderate feeling by the press
from the push button just after pressing.

However, in the “push button switch” of Japanese Utility
Model Laid-Open Publication No. 6-15232, as the push but-
ton is pressed, the spring holding portion is pressed down-
ward, and the contact spring becomes to make contact with
the pair of terminals from the time point when the spring
holding portion is located lower than the pair of terminals.
But, even when the push button is further pressed, the contact
pressure against the pair of terminals is constant because the
length of the contact spring does not change.

Namely, in the “push button switch” of Japanese Utility
Model Laid-Open Publication No. 6-15232, once the contact
spring has made contact with the pair of terminals, even when
the push button is pressed, the contact pressure between the
contact spring and the pair of terminals has already reached
the limit. Moreover, the contact spring is disposed in a mode
in which the contact spring is expanded as the push button for
the holding portion is pressed until making contact with the
pair of terminals. Therefore, there is a restriction that the force
by the elasticity for biasing the spring holding portion in the
press down direction is weaker than the force by the return
spring. Accordingly, it should be difficult for the constitution
to ensure sufficient contact pressure against the pair of termi-
nals.

Accordingly, the “push button switch” of Japanese Utility
Model Laid-Open Publication No. 6-15232 has a problem
that reliability of the electrical conduction cannot be ensured.

Moreover, in the “push button switch” of Japanese Utility
Model Laid-Open Publication No. 6-15232, the feeling of
pressing hardly change after the contact spring makes contact
with the pair of terminals, and therefore, it is practically
impossible to perceive the fact that the contact spring has
made contact with the pair of terminals. Accordingly, there is
another problem that an operator cannot obtain satisfactory
feeling of operation.

SUMMARY OF THE INVENTION

An object of this invention is to provide a switch in which
the contact pressure against a pair of terminals of a terminal
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contact spring is increased so that the reliability of electrical
conduction between the pair of terminals can be enhanced,
and a feeling of press operation of the plunger can also be
enhanced.

In accordance with one aspect of invention switch, the
switch includes: a housing; a plunger that slides in a press
direction or a return direction with respect to the housing; a
return spring that biases the plunger in the return direction and
is compressed by a slide of the plunger in the press direction;
aplurality of terminals that are brought into a conductive state
according to a predetermined state of the plunger; and a
terminal contact spring that makes contact with the terminals
s0 as to bring the terminals into a conductive state by the slide
of the plunger in the press direction; wherein the terminal
contact spring is disposed so as to be compressed according to
the slide of the plunger in the press direction under a contact
state of making contact with the terminals.

According to another aspect of the switch, under the con-
tact state in which the terminal contact spring makes contact
with the terminals, the contact pressure between the terminal
contact spring and the terminals can be increased according to
the slide of the plunger in the press direction. Accordingly,
excellent electrical conductivity can be obtained by ensuring
sufficient contact pressure between the terminal contact
spring and the terminals.

Moreover, the terminal contact spring is compressed by the
contact with the terminals so that, under the contact state of
making contact with the terminals, the return spring can be
elastically deformed into a compressed state according to the
slide of the plunger in the press direction, and also, the ter-
minal contact spring can be elastically deformed into a com-
pressed state.

In the process that an operator presses the plunger, the
elastic force of the terminal contact spring, which acts when
the terminal contact spring makes contact with the terminals,
can be fed back to the operator as feeling which is received by
the operator.

Therefore, in the process that the operator presses the
plunger, it is possible to make the operator perceive the posi-
tion where the terminal contact spring and the terminals are
made contact with each other, namely, the position where the
switch is actuated, so that the operator can obtain satisfactory
feeling of press operation.

Further, it is possible for the terminal contact spring, under
the contact state of making contact with the terminals, to
increase the contact pressure when making contact with the
terminals according to the slide of the plunger in the press
direction so that the contact pressure between the contact
spring and the pair of terminals can be increased according to
the press of the plunger. Accordingly, feeling of press opera-
tion, which is consistent with the feeling of the operator, and
is satisfactory for the operator, can be obtained.

Moreover, as mentioned above, because the return spring
and the contact spring are provided, just after the operator
presses the plunger, the return spring having moderate elastic
property is elastically deformed so that the operator, just after
pressing the plunger, receives an initial load based on this
elastic deformation from the plunger. Accordingly, the opera-
tor can perceive moderate feeling by the press of the plunger
just after the press so that the feeling of operation can be
enhanced.

As a mode of this invention, a spring compression holding
portion, which holds the terminal contact spring under a
compressed state, may be formed at the plunger.

According to one aspect of the switch, the terminal contact
spring can be made contact with the terminals under the state
in which the terminal contact spring is compressed. With this,
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excellent elastic force of the terminal contact spring under a
compressed state can be acted on the terminals just after the
terminal contact spring makes contact with the terminals.

Therefore, the contact pressure between the terminal con-
tact spring and the terminals can be increased just after the
terminal contact spring makes contact with the terminals, and
therefore, even if foreign bodies, such as oxide film, exist on
the terminal surface, it is possible to stabilize the electrical
conductivity after the contact.

Moreover, for example, the terminal contact spring
expands and contracts according to the press of the plunger in
the slide direction so that, when making contact with the
terminals, the electrical conductivity at the time of contact is
not made unstable due to, for example, repeated contacts and
departures with short periods, and thereby enabling the elec-
trical conductivity to be stabilized.

Further, the terminal contact spring can be restricted to a
predetermined length without being affected by the dimen-
sional tolerance of the spring, and therefore, the press amount
of'the plunger until the terminal contact spring makes contact
with the terminals can be stabilized.

According one aspect of the switch, the terminal contact
spring may be configured so as to have increasingly larger
diameter from the end portion on the return direction side
toward the press direction.

According to another aspect of the switch, the wires form-
ing the terminal contact spring are not overlapped with each
other in the slide direction so that the terminal contact spring
can be firmly compressed. With this, a longer compression
stroke of the spring can be ensured in comparison to a spring
which is formed with the same diameter from the end portion
on the return direction side toward the press direction.

Accordingly, the terminal contact spring can be sufficiently
compressed, and therefore, a sufficient contact pressure
between the terminal contact spring and the terminals can be
obtained, and the terminal contact spring can be miniaturized
so that the switch can be miniaturized.

Particularly, in the case of the terminal contact spring
which is configured so as to be gradually enlarged in its
diameter from the end portion on the return direction side
toward the press direction, at the plunger which is provided
with the spring compression holding portion, the terminal
contact spring can be surely and easily held by the spring
compression holding portion.

According to one aspect of the switch, an end portion on a
return direction side of the terminal contact spring may be
provided with an engagement portion that makes the terminal
contact spring engage with the plunger in a circumferential
direction, and the plunger may be provided with an engage-
ment allowable portion that engages with the engagement
portion, and an end portion on the press direction of a wire,
which constitutes the terminal contact spring, may be dis-
posed at a position so as not to make contact with the termi-
nals in a circumferential direction of the terminal contact
spring.

According to the above-mentioned constitution, by mak-
ing the engagement allowable portion engage with the
engagement portion, the terminal contact spring can be easily
attached to the plunger.

Under a state in which the engagement allowable portion
engages with the engagement portion, it is preferred that the
end portion on the press direction side of the wire, which
constitutes the terminal contact spring, is disposed at a posi-
tion so as not to make contact with the terminals in the
circumferential direction of the terminal contact spring.

With this, the end portion on the press direction side of the
wire, which constitutes the terminal contact spring, does not
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make contact with the terminals, and therefore, the terminal
contact spring can be stably made contact with the terminals
so that excellent electrical conductivity can be ensured.

When attaching the terminal contact spring to the plunger,
in the circumferential direction of the terminal contact spring,
the terminal contact spring can be easily attached without
paying attention so as not to dispose the end portion on the
press direction side of the wire, which constitutes the terminal
contact spring, at a position where no contact is made with the
terminals.

Moreover, the engagement portion may be formed with an
engagement side which protrudes in the diametric inner
direction or the diametric outer direction from the end portion
on the return direction side in the terminal contact spring. The
engagement portion can be made to firmly engage with the
edge portion of the engagement allowable portion by making
the engagement side engage with the engagement allowable
portion.

According to another aspect of the switch, the engagement
portion in the terminal contact spring can be fixed under
pressure to the plunger by the end portion on the return
direction side of the return spring.

By the above-mentioned constitution, the terminal contact
spring can be firmly attached to the plunger.

Further, the above-mentioned firm attachment of the ter-
minal contact spring to the plunger can be realized by the
attachment of the terminal contact spring to the plunger, and
therefore, there is no need to additionally dispose a constitu-
tion for fixing the engagement portion under pressure to the
plunger so that a simple constitution can be realized by an
assembling process with fewer steps.

According to this invention, by increasing the contact pres-
sure of the terminal contact spring against the pair of termi-
nals, there can be provided a switch in which the reliability of
the electrical conductivity between the pair of terminals can
be enhanced, and also the feeling of press operation of the
plunger can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are constitutional explanatory diagrams of
a switch according to a first embodiment;

FIG. 2 is an exploded perspective view of the switch
according to the first embodiment;

FIGS. 3A and 3B are perspective views of the switch
according to the first embodiment obliquely seen from the
back;

FIGS. 4A1 to 4B2 are operational explanatory diagrams of
a press process of the switch using a sectional view of the
switch according to the first embodiment;

FIGS. 5A and 5B are graphs illustrating properties of the
switch according to the first embodiment;

FIGS. 6A to 6C are constitutional explanatory diagrams of
a switch according to a second embodiment;

FIG. 7 is an exploded perspective view of the switch
according to the second embodiment;

FIGS. 8A1 to 8B2 are operational explanatory diagrams of
a press process of the switch using a sectional view of the
switch according to the second embodiment;

FIGS. 9A and 9B are graphs illustrating properties of the
switch according to the second embodiment;

FIGS. 10A and 10B are operational explanatory diagrams
of the switch according to the second embodiment;

FIGS. 11A to 11C are constitutional explanatory diagrams
of a switch according to another embodiment; and
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FIGS. 12A and 12B are graphs illustrating properties of a
conventional switch.

DETAILED DESCRIPTION

One embodiment of this invention will be described with
reference to the drawings hereunder.

As illustrated in FIG. 1A to FIG. 3B, a switch 1 according
to a first embodiment is constituted by ahousing 11, a plunger
21 which slides in a press direction D1 or a return direction
D2 with respect to the housing 11, a spring 30, and a pair of
terminals 41 which are brought into a conductive state
according to a press of the plunger 21.

Note that, FIG. 1A is a plan view of the switch 1, FIG. 1B
is an enlarged cross sectional view along the A-A line in FIG.
1A, and FIG. 1C is an enlarged cross sectional view along the
B-B line in FIG. 1A. FIG. 2 is an exploded perspective view
of'the switch 1. FIG. 3A is a perspective view, which is seen
from the press direction D1 side of the switch 1, of a state in
which a terminal contact spring 31 is not mounted to the
plunger 21 yet. FIG. 3B is a perspective view, which is seen
from the press direction D1 side of the switch 1, of a state in
which a return spring 35 is not mounted to the plunger 21 yet.

Moreover, for convenience, as illustrated in FIGS. 1B and
1C, the following descriptions will be made based on a state
in which the switch 1 is disposed such that the press direction
D1 is the downward direction of the switch 1, and the return
direction D2 is the upward direction of the switch 1.

As illustrated in FIG. 2, the terminal 41 is constituted by an
elongated plate shaped terminal main body 42, and a base
housing engagement piece 43 which is formed by bending the
base end portion of the terminal main body 42 at a substan-
tially right angle. A spring contact surface 44 is formed on the
upper surface of the base housing engagement piece 43.

The housing 11 is constituted by a main body housing 12
disposed on the upper side, and a base housing 15 disposed on
the lower side. In the main body housing 12, a plunger inser-
tion hole 214, into which the plunger 21 can be inserted, is
formed on the upper portion thereof, and a base housing
engagement protruding piece 13, which can engage with the
base housing 15, is formed.

On the other hand, a pair of terminal insertion portions 18
are formed at the base housing 15 with a predetermined space
therebetween such that the terminal main bodies 42 can be
vertically inserted therein under a state in which the terminal
main bodies 42 protrude downward therefrom, and base
housing engagement pieces 43 are mounted to the terminal
insertion portions 18 so as to enable the base housing engage-
ment pieces 43 to be engaged with the edge portions thereof.
Further, housing hooks 16 are formed at the base housing 15
s0 as to protrude upward such that the housing hooks 16 can
be engaged with the base housing engagement pieces 43
(refer to FIG. 1B).

The plunger 21 is constituted by a plunger base portion 27,
apress portion 22 which protrudes upward such that an opera-
tor can press the press portion 22 with respect to the plunger
base portion 27. The plunger base portion 27 is provided with
a slide portion 28 which is formed so as to be slidable with
respect to the inner wall surface of the housing 11, and a
spring mounting portion 23.

The slide portion 28 is formed on the outer circumferential
surface of the plunger base portion 27 by an upper slide
portion 28u, and a lower slide portion 284 whose diameter is
larger than that of the upper slide portion 28u. Between the
lower slide portion 284 and the upper slide portion 28u, an
engagement stepped portion 29 is formed so as to be engaged
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with the circumferential portion of the plunger insertion hole
21a of'the housing 11 so that the plunger 21 cannot slip out of
the housing 11.

As illustrated in FIGS. 3A and 3B, the spring mounting
portion 23 are constituted by a spring abutment portion 24
which is formed at the lower portion of the plunger base
portion 27, and a spring tubular fitting portion 25.

The spring abutment portion 24 is formed in a planar state
atthe lower portion of the plunger base portion 27 such thatan
end portion on the return direction D2 side of the terminal
contact spring 31 described below can be abutted against the
spring abutment portion 24.

The spring tubular fitting portion 25 is formed so as to
protrude in a tubular shape downward from the spring abut-
ment portion 24 such that the portion on the return direction
D2 side of the return spring 35 described below can be fitted
into the spring tubular fitting portion 25.

Moreover, engagement grooves 26 are formed at the spring
tubular fitting portion 25 so as to have a shape which is formed
by cutting out predetermined portions of the spring tubular
fitting portion 25, which are opposite to each other over the
center in the circumferential direction, from the distal end in
the protruding direction (press direction D1) to the proximal
end so that an engagement side 32 of the terminal contact
spring 31 described below can be engaged by being fitted
therein.

The spring 30 is provided with two kinds of coil springs 30
including the return spring 35 which biases the plunger 21 in
the return direction D2 and is compressed by a slide of the
plunger 21 in the press direction D1, and the terminal contact
spring 31 which makes contact with the terminals 41 by a
slide of the plunger 21 in the press direction D1, thereby
bringing the terminals 41 into a conductive state therebe-
tween.

The return spring 35 is formed so as to have a spring length
which is longer than that of the terminal contact spring 31,
and is disposed in a compressed state in an initial state in
which the plunger 21 is not pressed.

As illustrated in FIG. 2, the terminal contact spring 31 is
formed so as to have a coil diameter on the end portion side in
the return direction D2 which is larger than the outer diameter
of the return spring 35, and have a conical shape which is
gradually enlarged in its diameter from the end portion on the
return direction D2 side toward the press direction D1. Note
that, the end portion side in the press direction D1 of the
terminal contact spring 31 is formed to have a diameter which
is opposite in the upward and downward directions to the
spring contact surface 44 of the terminals 41 which are
inserted into the terminal insertion portions 18.

Further, the terminal contact spring 31 forms the engage-
ment side 32, which protrudes in a diametrically inner direc-
tion, on the end portion side on the return direction D2 side
(referto FIG. 3A). Note that, the engagement side 32 is a bent
portion which is formed by linearly bending the end portion
side on the return direction D2 side in a radially inner direc-
tion.

The above-mentioned switch 1 is integrally assembled as
described below.

The plunger 21 is inserted into the plunger insertion hole
21a of the main body housing 12 such that the engagement
stepped portion 29 of the plunger 21 is brought into a state of
being engaged with the circumferential portion of the plunger
insertion hole 21a of the housing 11, and also the press
portion 22 of the plunger 21 is brought into a state in which the
press portion 22 protrudes upward with respect to the main
body housing 12.
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The plunger 21 is inserted into the plunger insertion hole
21a of the main body housing 12 under a state in which the
press portion 22 of the plunger 21 protrudes upward with
respect to the main body housing 12 in order to enable the
engagement stepped portion 29 of the plunger 21 to be
engaged with the circumferential portion of the plunger inser-
tion hole 21a of the housing 11 so that the plunger 21 cannot
slip out of the housing 11 in the return direction D2.

Then, the engagement side 32 of the terminal contact
spring 31 is fitted into the engagement grooves 26 so as to be
engaged in the circumferential direction with the edge por-
tions of the engagement grooves 26, and also the end portion
on the return direction D2 side of the terminal contact spring
31 is abutted against the spring abutment portion 24.

Further, by firmly fitting the return spring 35 therein to the
base portion of the spring tubular fitting portion 25, the
engagement side 32 of the terminal contact spring 31 can be
fixed under pressure to the plunger 21 by means of the end
portion on the return direction D2 side in the length direction
of the terminal contact spring 31.

On the other hand, the terminal main bodies 42 are respec-
tively inserted into the pair of terminal insertion portions 18
of the base housing 15, and the base housing engagement
pieces 43 are engaged with the edge portions of the terminal
insertion portions 18 so that the terminals 41 are mounted.

Then, the main body housing 12 and the base housing 15
are disposed so as to be opposite to each other in the upward
and downward directions, and also the base housing engage-
ment protruding piece 13 and the housing hook 16 are
engaged with each other so that the assembling of the switch
1 is completed.

At this time, as illustrated in FIGS. 1B and 1C, the return
spring 35 is contained under a state of being compressed so as
to bias the plunger 21 in the return direction D2.

Next, functions and advantageous effects, which are per-
formed by the switch 1 when an operator presses the press
portion 22 so as to actuate the switch 1 (ON), will be
described with reference to FIGS. 1B and 1C, FIGS. 4A1,
4A2,4B1, and 4B2, and FIGS. 5A and 5B, and a conventional
example will be described with reference to FIGS. 12A and
12B.

Note that, both of FIGS. 1B and 1C illustrate the state in
which the press portion 22 is not pressed (the state in which
the plunger 21 is located at the free position (which is called
“FP” hereunder)). Both of FIGS. 4A1 and 4B1 illustrate the
state just after the terminal contact spring 31 and the spring
contact surfaces 44 of the terminals 41 have made contact
with each other (the state in which the plunger 21 is located at
the operating position (which is called “OP” hereunder)).
Specifically, FIG. 4A1 corresponds to FIG. 1B, and FIG. 4B1
corresponds to FIG. 1C. Both of FIGS. 4A2 and 4B2 illustrate
the state in which the plunger 21 is pressed downward to the
operational limit position (the state in which the plunger 21 is
located at the total travel position (which is called “TTP”
hereunder)). Specifically, FIG. 4A2 corresponds to FIG. 1B,
and FIG. 4B2 corresponds to FIG. 1C.

Moreover, both of FIG. 5A and FIG. 12A are graphs which
illustrate F-S properties, and both of FIG. 5B and FIG. 12B
are graphs which illustrate C-S properties.

Here, the F-S property is a property of the switch which is
based on a relationship between a press load (F) pressing the
press portion and a press down amount (S) of the press por-
tion. The C-8S property is a property of the switch which is
based on a relationship between a contact pressure (C) when
the terminal contact spring makes contact with the terminals
and the press down amount (S) of the press portion.
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For details, FIG. 5A is a graph illustrating the F-S property
of the switch 1 according to the first embodiment which is
based on the relationship between the press load (F) pressing
the press portion 22 and the press down amount (S) of the
press portion 22.

FIG. 5B is a graph illustrating the C-S property of the
switch 1 according to the first embodiment which is based on
the relationship between the contact pressure (C) when the
terminal contact spring 31 makes contact with the terminals
41 and the press down amount (S) of the press portion 22 of
the switch 1.

FIG. 12A is a graph illustrating the F-S property of the
switch as a conventional example which is described in Japa-
nese Utility Model Publication No. 4-22500. FIG. 12B is a
graph illustrating the C-S property of the switch as a conven-
tional example which is described in Japanese Utility Model
Laid-Open Publication No. 6-15232.

First, asillustrated in FIGS. 1B and 1C, an explanation will
be made focusing on functions of the switch 1 which are
performed when an operator starts pressing the press portion
22.

According to the above-mentioned constitution, even if the
plunger 21 is under the state of FP, the return spring 35 is
compressed so as to bias the plunger 21 in the return direction
D2, and therefore, when an operator presses the plunger 21
under the FP state of the plunger 21, the operator receives an
initial load which is based on elastic deformation of the return
spring 35 from the plunger 21.

Accordingly, just after pressing, the operator can perceive
a moderate feeling by the press so that the feeling of press
operation of the operator can be enhanced.

For details, there is a conventional switch provided with a
special spring having a small diameter portion and a conical
large diameter portion which are disposed in series, like the
“miniature switch” of Japanese Utility Model Publication
No. 4-22500. In the case of such a conventional switch,
because the large diameter portion has a lager diameter than
that of the small diameter portion, in comparison to the small
diameter portion, the large diameter portion is less able to
produce the press load (repulsive force) based on the elastic
force by the compression.

Thus, as illustrated in FIG. 12A, a sufficient initial load by
the press of the plunger cannot be applied, as apparent from
the fact that the press load of the plunger just after pressing the
plunger which is in the FP state is relatively small. Then, even
when the operator presses the press portion, the operator
cannot perceive the feeling (press feeling) from the plunger
which is being pressed. Accordingly, there was a problem that
the operator cannot obtain satisfactory feeling of press opera-
tion.

On the other hand, in the switch 1 of the first embodiment,
as mentioned above, the return spring 35 is formed with the
same diameter over the full length so as to exhibit a linear
elastic property, and is disposed under the state of being
preliminarily compressed so as to bias the plunger 21 in the
return direction D2 in the state that the plunger 21 is located
at FP. Accordingly, an excellent elastic force can be produced
at the moment when the press portion 22 is pressed.

Accordingly, as illustrated in FIG. 5A, when the operator
presses the press portion 22, the operator receives from the
plunger 21 the press load (biasing force) based on the elastic
force of the return spring 35 which is originally compressed.
Therefore, the operator can firmly perceive the press feeling
so that the feeling of press operation for the operator can be
enhanced (refer to the value of press load of the plunger 21 in
FIG. 5A just after the plunger 21 at the FP position is pressed).
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Next, functions and advantageous effects, which are per-
formed by the switch 1 according to the slide of the plunger 21
in the press direction D1 from just before the plunger 21
reaches the OP until reaching the TTP, will be described.

First, in the case of the “push button switch” of Japanese
Utility Model Laid-Open Publication No. 6-15232, accord-
ing to the press of the push button, the spring holding portion
is pressed down, and the contact spring is extended. Accord-
ing to this, as illustrated in FIG. 12B, the biasing force of the
contact spring gradually decreases.

Then, in the case of the “push button switch” of Japanese
Utility Model Laid-Open Publication No. 6-15232, under the
state in which the contact spring makes contact with the
terminals, even when the push button is further pressed, the
length of the contact spring does not change. Accordingly,
after the contact spring makes contact with the terminals, as
illustrated in FIG. 12B, the contact pressure of the contact
spring against the pair of terminals reaches the limit so as to
be constant.

Then, for the “push button switch” of Japanese Utility
Model Laid-Open Publication No. 6-15232, there was a prob-
lem that, under the state in which the contact spring makes
contact with the terminals, even when the push button is
pressed, sufficient contact pressure according to the press
down stroke cannot be obtained so that the reliability of the
electrical conductivity cannot be ensured.

Further, under the state in which the contact spring makes
contact with the terminals, even when the push button is
pressed, the elastic force of the contact spring reaches the
limit so as to be constant, and this is not consistent with the
feeling for operator when pressing the push button that the
contact pressure between the contact spring and the pair of
terminals can be enhanced according to the press amount
(press stroke) for pressing the push button. Therefore, there is
a problem that the satisfactory feeling of press operation
cannot be obtained.

Moreover, in the case of the “miniature switch” of Japanese
Utility Model Publication No. 4-22500, as mentioned above,
this switch is provided with the spring including the large
diameter portion and the small diameter portion which are
formed in series and have the different elastic properties. And,
in the case of such a spring, the large diameter portion is less
able to perform sufficient elastic property in comparison to
the small diameter portion, and therefore, there is a tendency
that the elastic property with respect to the load becomes
unclear.

Then, as illustrated in FIG. 12A, the press load hardly
changes before and after the movable contact makes contact
with the fixed contact, namely, before and after the plunger
reaches the OP. Thus, there is a problem that it is almost
impossible to perceive the contact of the contact spring with
the pair of terminals (refer to the value of press load of the
plunger under the state in which the plunger is in the state of
OP in FIG. 12A).

On the other hand, in the switch 1 of the first embodiment,
even from the state in which the plunger 21 is at the OP as
illustrated in FIGS. 4A1 and 4B1 to the state in which the
plunger 21 reaches the TTP as illustrated in FIGS. 4A2 and
4B2, namely, under the contact state in which the terminal
contact spring 31 makes contact with the terminals 41, the
terminal contact spring 31 is compressed according to the
slide of the plunger 21 in the press direction D1 as illustrated
in FIGS. 4A2 and 4B2.

Accordingly, as illustrated in FIG. 5B, from the moment
when the plunger 21 reaches the OP, by the elastic force of the
terminal contact spring 31 based on the compression, the
contact pressure between the terminal contact spring 31 and
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the terminals 41 can be enhanced according to the slide of the
plunger 21 in the press direction D1.

Therefore, a sufficient contact pressure between the termi-
nal contact spring 31 and the terminals 41 can be ensured so
that excellent electrical conductivity can be obtained.

Further, even in the process in which the operator presses
the plunger 21, under the contact state in which the terminal
contact spring 31 makes contact with the terminals 41, as
mentioned above, the terminal contact spring 31 is com-
pressed according to the slide of the plunger 21 in the press
direction D1. Accordingly, when the plunger 21 in the OP
state is further pressed, as illustrated in FIG. 5A, the biasing
force of the compressed terminal contact spring 31 gradually
increases, and the biasing force of the terminal contact spring
31 can be fed back to the operator as the press load which is
received by the operator.

Therefore, in the process in which the operator presses the
plunger 21, an advantageous effect that it is easy to make the
operator perceive the position where the terminal contact
spring 31 and the terminals 41 are made contact with each
other, namely, the position where the switch 1 is actuated.

Furthermore, under the contact state in which the terminal
contact spring 31 makes contact with the terminals 41, the
contact pressure when making contact with the terminals 41
can be enhanced according to the slide of the plunger 21 in the
press direction D1 (refer to FIG. 5A), and therefore, the
contact pressure between the contact spring 31 and the termi-
nals 41 is enhanced according to the slide of the plunger 21 in
the press direction D1. This is consistent with the feeling of
operator and the operation result so that a feeling of press
operation, with which the operator is satisfied, can be
obtained.

Moreover, as mentioned above, the “miniature switch” of
Japanese Utility Model Publication No. 4-22500 is provided
with special spring having the small diameter portion and the
conical large diameter portion which are disposed in series,
and therefore, there is a fear that stress is concentrated on the
connecting portion between the small diameter portion and
the large diameter portion. Accordingly, there is a difficult
point that a desired durability cannot be ensured.

On the other hand, the switch 1 of the first embodiment has
a constitution which is provided with the cylindrical return
spring 35 and the conical terminal contact spring 31, sepa-
rately, and therefore, such a shape can be obtained that there
is no portion whose diameter drastically changes in the
respective length directions of the return spring 35 and the
terminal contact spring 31.

Accordingly in the switch 1 of the first embodiment, no
stress is concentrated on a part in the length direction, and
therefore, the durability can be enhanced in comparison to the
above-mentioned “miniature switch” of Japanese Utility
Model Publication No. 4-22500.

Further, the switch 1 of the first embodiment can perform
such functions and advantageous effects as described below.

Inthe switch 1 of'the first embodiment, the terminal contact
spring 31 is formed so as to have a diameter which is gradu-
ally enlarged in the press direction D1 from the end portion on
the return direction D2 side.

According to the above-mentioned constitution, the termi-
nal contact spring 31 can be compressed without making the
wires forming the terminal contact spring 31 overlapped with
each other in the slide direction, and therefore, a larger
amount of compression stroke can be ensured in comparison
to the spring which is formed so as to have the same diameter
from the end portion on the return direction D2 side along the
press direction D1.
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Therefore, the terminal contact spring 31 can be suffi-
ciently compressed so that a sufficient contact pressure
between the terminal contact spring 31 and the terminals 41
can be obtained, and the switch 1 can be further miniaturized
as the terminal contact spring 31 can be miniaturized.

In the switch 1 of the first embodiment, at the end portion
on the return direction D2 side of the terminal contact spring
31, the engagement side 32 is formed so as to make the
terminal contact spring 31 engaged with the plunger 21 in the
circumferential direction, and the engagement grooves 26,
with which the engagement side 32 is engaged, are formed at
the plunger 21. With this, the engagement side 32 can be
engaged with the edge portions ofthe engagement grooves 26
by only fitting the engagement side 32 into the engagement
grooves 26, and therefore, the terminal contact spring 31 can
be easily attached to the plunger 21.

Further, in the switch 1 of the first embodiment, under the
state in which the engagement side 32 is fitted into the
engagement grooves 26 so as to be engaged therewith, an end
portion 31a (refer to FIG. 3A) on the press direction D1 side
of the wire, which constitutes the terminal contact spring 31,
is located at the position in the circumferential direction of the
terminal contact spring 31 where the end portion 31a does not
make contact with the spring contact surfaces 44 of the ter-
minals 41.

Accordingly, under the state in which the engagement
grooves 26 are engaged with the engagement side 32, the end
portion of the wire on the press direction D1 side, which
constitutes the terminal contact spring 31, can be disposed at
a position in the circumferential direction of the terminal
contact spring 31 where the end portion does not make con-
tact with the terminal 41.

Accordingly the terminal contact spring 31 can be made
contact with the terminals 41 at a coil portion other than the
above-mentioned end portion 314, and therefore, the terminal
contact spring 31 can be made in contact with the terminals 41
stably so that excellent electrical conductivity can be ensured.

Further, the terminal contact spring 31 can be easily
attached to the plunger 21 without paying attention so as not
to dispose the end portion on the press direction D1 side of the
wire, which constitutes the terminal contact spring 31, at a
position in the circumferential direction of the terminal con-
tact spring 31 where no contact is made with the terminals 41.

Moreover, as mentioned above, under the state in which the
engagement side 32 is fitted into the engagement grooves 26
so as to be engaged therewith, further, by fitting the return
direction D2 side portion of the return spring 35 into the
spring tubular fitting portion 25, the engagement portion of
the terminal contact spring 31 can be fixed under pressure to
the plunger 21 by the end portion of the return spring 35 on the
return direction D2 side (refer to FIG. 1B).

Like this, by attaching the terminal contact spring 31 to the
plunger 21, the terminal contact spring 31 can be firmly
attached to the plunger 21.

Furthermore, the above-mentioned firm attachment of the
terminal contact spring 31 to the plunger 21 can be realized by
attaching the return spring 35 to the plunger 21, and therefore,
no separate constitution for fixing the engagement portion to
the plunger 21 under pressure is required so that a simple
constitution can be made, and its assembling can be realized
with fewer steps.

Next, a switch 1A of a second embodiment will be
described.

However, among the constitutional elements of the switch
1A described below, the constitutional elements similar to
those of the above-mentioned switch 1 according to the first
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embodiment will be denoted with the same reference signs,
and their explanations will be omitted.

As illustrated in FIGS. 6A, 6B, and 6C, and FIG. 7, in the
switch 1A of the second embodiment, spring compression
holding portions 60, which hold the terminal contact spring
31 under a compressed state, are formed at the plunger 21.

Note that, FIG. 6A is a plan view of the switch 1A, FIG. 6B
is an enlarged cross sectional view along the C-C line of FIG.
6A, and FIG. 6C is an enlarged cross sectional view along the
D-D line of FIG. 6A. FIG. 7 is an exploded perspective view
of the switch 1A.

As illustrated in FIGS. 6A, 6B, and 6C, and FIG. 7, a pair
of spring compression holding portions 60 are formed so as to
be opposite to each other at the lower portion of the plunger 21
outside the spring mounting portion 23. The spring compres-
sion holding portion 60 is formed with an arm portion 61 and
a spring engagement claw portion 62.

The arm portions 61 are formed so as to protrude down-
ward. The engagement claw portions 62 are formed at the
leading end portions of the arm portions 61 so as to protrude
in a way that they are opposite to each other so that the
terminal contact spring 31 can be engaged therewith.

According to the above-mentioned constitution, the spring
compression holding portion 60 holds the terminal contact
spring 31 under the compression state between the lower
surface of the spring abutment portion 24 and the upper
surface of the spring engagement claw portion 62.

Next, functions and advantageous effects performed by the
switch 1A of the second embodiment will be described with
reference to FIGS. 8A1l, 8A2, 8B1, and 8B2, and FIGS. 9A
and 9B.

Note that, FIGS. 8A1, 8A2, 8B1, and 8B2 are function
explaining diagrams illustrating states in which the plunger
21 of the switch 1A according to the second embodiment is
pressed, corresponding to FIGS. 4A1, 4A2, 4B1, and 4B2.
FIG. 9A is a graph illustrating the F-S property of the switch
1A according to the second embodiment, and FIG. 9B is a
graphillustrating the C-S property of the switch 1A according
to the second embodiment.

The switch 1A of the second embodiment holds the termi-
nal contact spring 31 by the spring compression holding
portion 60, and therefore, as illustrated in FIGS. 6B and 6C,
under the state in which the plunger 21 is at the FP, namely,
under the state before the terminal contact spring 31 makes
contact with the terminals 41, the terminal contact spring 31
can be made to the compressed state.

With this, as illustrated in FIGS. 8 A1 and 8B1, by the slide
in the press direction D1 of the plunger 21, under the state in
which the terminal contact spring 31 is compressed, the ter-
minal contact spring 31 can be made contact with the termi-
nals 41, and therefore, from the moment when the plunger 21
reaches the OP, the biasing force of the terminal contact
spring 31, which is under the compressed state, can be applied
to the terminals 41.

Therefore, as illustrated in FIG. 9B, from just after the
terminal contact spring 31 makes contact with the terminals
41, the contact pressure between the terminal contact spring
31 and theterminals 41 can be immediately enhanced, and the
electrical conductivity after the contact can be stabilized,
even if foreign bodies, such as oxide film, exist on the termi-
nals 41 and so on.

Further, for example, when external force, such as a vibra-
tion or an impact, is applied to the switch 1A, the terminal
contact spring 31 does not expand and contract unexpectedly
according to the press of the plunger 21 in the slide direction.
Therefore, specifically in the state in which the plunger 21 is
located adjacent to the OP, such an event does not occur that

10

15

20

25

30

35

40

45

50

55

60

65

14

the electrical conductivity when making contact with
becomes unstable due to the state that the terminal contact
spring 31 repeatedly makes contact with the terminals 41, and
separates from the same. With this, the electrical conductivity
when making contact with can be stabilized.

Furthermore, the terminal contact spring 31 can be
restricted to a predetermined length between the lower sur-
face of the base portion of the plunger 21 and the upper
surface of the spring engagement claw portion 62, and there-
fore, the terminal contact spring 31 can be made contact with
the terminals 41 stably without being affected by the dimen-
sion error of the terminal contact spring 31.

Moreover, in the case of a conventional spring which is
constituted by a large diameter portion and a small diameter
portion which are integrally formed in series, such as the
“miniature switch” of Japanese Utility Model Publication
No. 4-22500, the dimension error due to processing becomes
large, and therefore, such a problem occurs that the OP varies
between rots (refer to the arrow adjacent to the OP in FIG.
12A).

On the other hand, in the switch 1A of the second embodi-
ment, the terminal contact spring 31 can be restricted to a
predetermined compressed length by the spring compression
holding portion 60, and therefore, when the plunger 21 slides
in the press direction D1, the press amount of the plunger 21
until the terminal contact spring 31 makes contact with the
terminals 41, namely, the press amount of the plunger 21 until
the plunger 21 reaches the position of OP, does not vary
between rots so that stable electrical conductivity can be
obtained.

Further, as mentioned above, at the moment when the
plunger 21 reaches the OP, the biasing force of the terminal
contact spring 31, which holds the compression state, can be
applied to the terminals 41 by the spring compression holding
portion 60.

Accordingly, as illustrated in FIG. 9A, atthe moment when
the plunger 21 reaches the OP, the biasing force of the com-
pressed terminal contact spring 31 can be fed back to the
operator as the press load which is received by the operator.

Therefore, in the process where the operator presses the
plunger 21, the terminal contact spring 31 and the terminals
41 are made to contact with each other, which enables the
operator to perceive the fact that the switch 1A is actuated, so
that the feeling of press operation can be enhanced.

The switch 1A of the second embodiment can additionally
perform following functions and advantageous effects.

The terminal contact spring 31 is gradually enlarged in its
diameter from the end portion on the return direction D2 side
toward the press direction D1 so as to be formed as a conical
shape, and therefore, the terminal contact spring 31 can be
surely and easily held by the spring compression holding
portion 60.

For details, for example, as illustrated in FIG. 10B, in the
case that the cylindrical terminal contact spring 31X, which is
formed so as to have the substantially same coil diameter
along the length direction, is held at the spring compression
holding portion 60, the end portion on the return direction D2
of'the terminal contact spring 31X interferes with the engage-
ment claw portion 62. Accordingly, there is a problem that the
terminal contact spring 31X cannot be smoothly held by the
spring compression holding portion 60.

On the other hand, as illustrated in FIG. 10A, in the case
that the terminal contact spring 31, which is formed so as to
have the conical shape, is held by the spring compression
holding portion 60, the small diameter end portion side in the
return direction D2 of the terminal contact spring 31 does not
interfere with the engagement claw portion 62. Accordingly,
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the terminal contact spring 31 can be smoothly pressed in
toward the spring mounting portion 23 side.

Accordingly, the engagement with the engagement claw
portion 62 can be realized under the state in which the termi-
nal contact spring 31 is guided by the spring tubular fitting
portion 25.

Therefore, by forming the terminal contact spring 31 so as
to be gradually enlarged in its diameter from the end portion
in the return direction D2 toward the press direction D1 and
have a conical shape, the terminal contact spring 31 can be
surely and smoothly held by the spring compression holding
portion 60.

Although the engagement allowable portion of this inven-
tion corresponds to the engagement groove 26 of this embodi-
ment, and similarly, the engagement portion corresponds to
the engagement side 32, this invention is not limited to the
above-mentioned embodiment, and other various embodi-
ments can be made.

For example, the terminal contact spring is not limited to
the conical shape, and can be formed as various constitutions,
and as a terminal contact spring 31Y provided to a switch 1B
illustrated in FIGS. 11A, 11B, and 11C, the terminal contact
spring can be formed in a tubular shape which has the sub-
stantially same diameter along the axial direction of the
spring.

Note that, FIG. 11A is a plan view of the switch 1B, FIG.
11B is an enlarged cross sectional view along the E-E line of
FIG. 11A, and FIG. 11C is an enlarged cross sectional view
along the F-F line in FIG. 11A.

There has thus been shown and described a switch which
fulfills all the objects and advantages sought therefore. Many
changes, modifications, variations and other uses and appli-
cations of the subject invention will, however, become appar-
ent to those skilled in the art after considering this specifica-
tion and the accompanying drawings which disclose the
preferred embodiments thereof. All such changes, modifica-
tions, variations and other uses and applications which do not
depart from the spirit and scope of the invention are deemed
to be covered by the invention, which is to be limited only by
the claims which follow.

Although the invention has been described in detail for the
purpose of illustration based on what is currently considered
to be the most practical and preferred embodiments, it is to be
understood that such detail is solely for that purpose and that
the invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover modifications and
equivalent arrangements that are within the spirit and scope of
the appended claims. For example, it is to be understood that
the present invention contemplates that, to the extent pos-
sible, one or more features of any embodiment can be com-
bined with one or more features of any other embodiment.

What is claimed is:

1. A switch comprising:

a housing;

a plunger adapted to slide in a press direction or a return
direction with respect to the housing;

a plurality of terminals adapted to be brought into a con-
ductive state according to a predetermined position of
the plunger; and

two springs, one being a return spring adapted to bias the
plunger in the return direction and to be compressed by
a slide of the plunger in the press direction, and the other
being a terminal contact spring adapted to make contact
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with the terminals so as to bring the terminals into a
conductive state by the slide of the plunger in the press
direction;

wherein the terminal contact spring is disposed so as to be
compressed according to the slide of the plunger in the
press direction under a contact state in which the termi-
nal contact spring makes contact with the terminals,

wherein an end portion on the return direction side of the
terminal contact spring is provided with an engagement
portion adapted to engage the terminal contact spring
with the plunger in a circumferential direction, and the
plunger is provided with an engagement allowable por-
tion adapted to engage with the engagement portion,

wherein an end portion on the press direction side of a wire,
which constitutes the terminal contact spring, is dis-
posed at a position so as to avoid contact with the termi-
nals in a circumferential direction of the terminal contact
spring, and

wherein the engagement portion of the terminal contact
spring is fixed under pressure to the plunger by the end
portion on the return direction side of the return spring.

2. The switch according to claim 1, wherein a spring com-
pression holding portion, which holds the terminal contact
spring under a compressed state, is provided at the plunger.

3. The switch according to claim 2, wherein the terminal
contact spring is configured so as to have an increasingly
larger diameter from an end portion on the return direction
side toward the press direction.

4. The switch according to claim 1, wherein the terminal
contact spring is configured so as to have an increasingly
larger diameter from an end portion on the return direction
side toward the press direction.

5. A switch comprising:

a housing;

a plunger adapted to slide in a press direction or a return

direction with respect to the housing;

a return spring adapted to bias the plunger in the return
direction and to be compressed by a slide of the plunger
in the press direction;

a plurality of terminals adapted to be brought into a con-
ductive state according to a predetermined position of
the plunger; and

a terminal contact spring adapted to make contact with the
terminals so as to bring the terminals into a conductive
state by the slide of the plunger in the press direction;

wherein the terminal contact spring is disposed so as to be
compressed according to the slide of the plunger in the
press direction under a contact state of making contact
with the terminals;

wherein an end portion on the return direction side of the
terminal contact spring is provided with an engagement
portion adapted to engage the terminal contact spring
with the plunger in a circumferential direction, and the
plunger is provided with an engagement allowable por-
tion adapted to engage with the engagement portion;

wherein an end portion on the press direction side of a wire,
which constitutes the terminal contact spring, is dis-
posed at a position so as to avoid contact with the termi-
nals in a circumferential direction of the terminal contact
spring; and

wherein the engagement portion of the terminal contact
spring is fixed under pressure to the plunger by the end
portion on the return direction side of the return spring.
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